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[Designation of Document] Specification 

[Title of the Invention] A MUTANT KANAMYCIN NUCLEOTIDYLTRANSFERASE AND A 

METHOD OF SCREENING THERMOPHILIC BACTERIA USING THE SAME 

[Claims] 

[claim 1] A mutant kanamycin nucleotidyltransferase having one or more point mutations 
selected from a group consisting of MetSTLeu, Ala62Val, Ser94Pro ? Ser203Pro, Asp206Val, His207Gln, 
Ser220Pro, De234Val and Thr238Ala as against the protein comprising the amino acid sequence indicated 
by SEQ ID NO: 1 , and having improved thermostability. 

[claim 2] A mutant kanamycin nucleotidyltransferase with improved thermostability, wherein 
it comprises the amino acid sequence indicated by SEQ ID NO: 2. 

[claim 3] The kanamycin nucleotidyltransferase according to claim 1 , wherein it comprises the 
amino acid sequence indicated in SEQ ID NO: 3. 

[claim 4] A kanamycin nucleotidyltransferase gene encoding the kanamycin 
nucleotidyltransferase according to any one of claims 1 to 3. 

[claim 5] A plasmid comprising the gene according to claim 4. 

[claim 6] A transformant comprising the plasmid according to claim 5. 

[claim 7] A selective marker for thermophilic bacteria wherein it is the gene according to claim 

4. 

[claim 8] A method for screening thermophilic bacteria, wherein the selective marker 
according to claim 7 is used 

[claim 9] The screening method according to claim 8 ? wherein said thermophilic bacteria is 
Thermus thermophilic. 

[Detailed Description of the Invention] 
[Field of the Invention] 

The present invention relates to a novel kanamycin nucleotidyltransferase with markedly 
improved thermostability, a selective marker using the same, and a screening method for thermophilic 
bacteria such as Thermus thermophilics using said selective marker. 

[Prior Art] 

Thermophilic bacteria have attracted attention due to the applicability of their proteins in 
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biotechnology. Since the proteins are stable at extremes of pH, they crystallize easily in comparison to 
non-thermophilic proteins, are easy to handle, and are useful as a good research material in the study of 
interrelation between enzyme structure and its function. However, when thermophilic protein is expressed 
in E. coli, its natural conformation may not be reproduced. These proteins, since standard tools of genetic 
engineering cannot be employed, cannot be expressed in thermophilic bacteria at high temperatures. This 
prevents an examination of the biological role of these proteins by knocking out genes with functions that 
cannot be predicted from the sequence data obtained from the genome project, followed by their 
reintroduction. Thermus thermophilic, which belongs to a Eubacterium, is an attractive organism which 
can be grown at the highest temperatures (50-82°C) among organisms whose molecular biology is under 
study. 

The sequence analysis of the entire genome of highly thermophilic Thermus thermophilic is 
currently in progress. Sequence research on the entire genome will soon be completed in Japan (HB8 
strain) and Germany (HB27 strain). As with other genome projects, main interest is not in the sequence 
itself, but has shifted to functional or structural genomics, which is post-sequencing research. 

There is a project to organizationally research the structure and biological function of 77 
thermophilic protein. Therefore, there is a need to rapidly develop genetic engineering tools. The most 
indispensable tool is an easy-to-use selective marker. 

[Problem to be solved by the Invention] 

Until now, thane were only 2 selective systems that could be used with T. thermophilic. One 
system was a method where an auxotrophic host was selected via a plasmid into which the corresponding 
gene was incorporated. However, the auxotrophic marker is inconvenient for routine use. This is because, 
preparation of the selection medium is troublesome, and growth of cells on the nutritionally restricted plate, 
is slow even under the optimal growth temperature. 

Another system used a kanamycin nucleotidyltransferase (KNT) gene that could be used only at 
under 60°C. T thermophilic has sensitivity to general antibiotics, however, the only antibiotic resistant 
marker that can be used with T. thermophilic is a mutant gene of Staphylococcus aureus KNT. However, 
since this mutant KNT cannot be used at over 60°C as a selective marker, it is far from ideal. At this 
temperature which is far below optimal growth temperature (70-75°C), cell growth is extremely slow. Thus, 
we began work to improve the thermostability of KNT 
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[Means for solving the problem] 

Many attempts have been made to improve the thermostability of proteins. Most attempts were 
designed rationally based on an understanding of the protein folding and structure formation. For example, 
the introduction of disulfide bonds, re-sequencing of packing of hydrophobic centers and substitution with 
proline were attempted. To investigate whether it was possible to realize thermostability through amino 
acid substitution, a comparison was made of the sequences of homologous proteins of thermophilic and 
non-thermophilic bacteria In contrast, irrational methods have also been applied in order to increase 
thermostability of proteins. Most of this research involved the induction of random mutations followed by a 
single screening in place of directed evolution which comprises repeating cycles of inducing mutation, 
selecting, and amplifying the selected mutant. Only 2 or 3 cases of research reported successful 
improvement of thermostability through directed evolution. 

The present inventors employing a strategy based on directed evolution toward the upper limit of 
the growth temperature of T. thermophilic, have succeeded in increasing the thermostability of a 
kanamycin resistant gene product to the upper limit of the growth temperature. The resultant KNT is a 
convenient selective marker of thermophilic bacteria such as T. thermophilic. 

In other words, the present invention provides the following (l)-(9): 

( 1 ) A mutant kanamycin nucleotidyltransferase having one or more point mutations selected from a 
group consisting of Met57Leu, Ala62Val, Ser94Pro, Ser203Pro, Asp206Val, His207Gln, Ser220Pro, 
De234Val and Thr238Ala as against the protein comprising the amino acid sequence indicated by SEQ 
ID NO: 1, and having improved thermostability. 

( 2 ) A mutant kanamycin nucleotidyltransferase with improved thermostability, wherein it comprises 
the amino acid sequence indicated by SEQ ID NO: 2. 

( 3 ) The kanamycin nucleotidyltransferase according to (1) above, wherein it comprises the amino 
acid sequence indicated in SEQ ID NO: 3. 

(4) A kanamycin nucleotidyltransferase gene encoding the kanamycin nucleotidyltransferase 
according to any one of (1) to (3) above. 

( 5 ) A plasmid comprising the gene according to (4) above. 

( 6 ) A transformant comprising the plasmid according to (5) above. 

( 7 ) A selective marker for thermophilic bacteria characterized in that it is the gene according to (4) 
above. 

( 8 ) A method for screening thermophilic bacteria wherein the selective marker according to (7) 
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above is used. 

( 9 ) The screening method according to (8) above, wherein said thermophilic bacteria is Thermits 
thermophilics. 

In the present invention, the mutant strain with the greatest thermostability has 19 amino acid 
substitutions when compared with the form prior to mutation. Thermostability was increase by 20°C, 
however, no great change in enzyme activity per se was observed. Most of the altered residues reside on the 
surface of the protein molecule. Interestingly, 5 substitutions out of 19 were substitutions of the existing 
residue by proline. The evolved kanamycin-resistant gene product is capable of becoming a selective 
marker at the optimum growth temperature of T. thermophilic. The development of such convenient 
genetic engineering tools will promote the post-sequencing research of T. thermophilics. 

[Embodiments of the Invention] 

Below, a working embodiment of the present invention will be explained, but this is not intended 
to limit the present invention to only the form described herein. Suitable modifications or alterations that 
could easily be made by a person dolled in the art based on the descriptions contained herein or known 
techniques in the art, should be contained within the range of the present invention. 

In the present specification, the term "directed evolution" refers to means by which the target 
function is improved through repetitive conduct of the following steps: introduction of a mutation, selection, 
amplification of the selected mutant, and the further introduction of a mutation into this mutant. 

Further, in the present specification, a description concerning amino acid substitution, e.g. 
"Met57Leu", means that the Met at position 57 of the wild type (referred to in this specification as "WT*") 
is replaced by Leu. 

Further, in the present specification, "improved thermostability" refers to the retention of enzyme 
activity under such high temperature conditions that the wild type protein would be denatured and enzyme 
activity would be lost 

Medium 

T. thermophilics cells are preferably cultured in a liquid medium comprising 0.4% trypton, 0.2% 
yeast extract and 0. 1 % NaCl (pH 7.5). 

In the selection of the T. thermophilics transformant strain, a 3% agar plate medium comprising 50 /i g/ml 
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kanamycin (where the temperature is under 70°C) 5 or a 1 .5% gellan gum plate medium comprising 500 jj. 
g/ml kanamycin (where the temperature is over 70°C), is used. To solidify the gellan gum, bivalent cations 
1 .5mM CaCfe and 1 .5mM MgCl 2 are added. Since these ions antagonize the kanamycin, the concentration 
of kanamycin in the gellan gum medium is set higher. 

Construction of Plasmid pJHKl 

The nucleotide sequence and amino acid sequence of the wild type KNT of Staphylococcus 
aureus (SEQ ID NO: 10 and 11) are known from Nakanishi, K. et al, J. Ferment. Technol. 54: 801-807 
(1976), etc. A plasmid encoding the protein includes pUBHO (3,000kDa, Lacey, R.W. and I. Chopra, J. 
Med. Microbiol., 7: 285-297 (1 974))). Directed evolution is initiated from a mutant (denoted "WT*" SEQ 
ID NO:l) having two substitutions (Asp80Tyr and Thrl30Lys) in relation to the wild type KNT. The 
WT*KNT gene is amplified by PCR from pYK134 (12.3kb, National Institute of Bioscience and 
Human-Technology, from Dr. Y Koyama) using two primers (5' -primer 
5 '-GACTGTAC GGGTACC CGTTGACGGCGG ATATGGTA-3 ? (The underlined portion is the Kpn I 
site, SEQ ID NO: 4) and 3'primer: 5 ? -GACTGTAC GCTGCAG CGTAACCAACATGATTAACA-^ ' 
(The underlined portion is the Pst I site, SEQ ED NO: 5)). Said pYK134 is derived from plasmid pTT8 
separated from X thermophilus HB8 (Tokyo Pharmaceutical University, from Dr. Y Oshima) and its ori is 
situated in the vicinity of a Bell site. In order to reduce the size of pTT8 (9.7kb), a KpnI-Psfl fragment 
(5.5kb) comprising the Bell site is gel purified and ligated with the amplified WT* gene. The obtained 
plasmid pJHKl(6.5kb) is used in the directed evolution experiment A restriction map for said pYK134, 
pTT8 and pJHKl , is shown in Figure L 

Transformation of T. thermophilus HB27 

Transformation of T. thermophilus is preferably performed as follows: 
T. thermophilus which has been cultured overnight is diluted by a factor of 100 in a new medium 
comprising 0.4mM CaCl 2 and 0.4mM MgCl 2 then shake cultured for 2 hours at 70°C. The culture product 
(1 x 10 8 cells/ml) is mixed with a plasmid, e.g. pJHKl and incubated with agitation for two hours at 70°C, 
then sprinkled on an plate medium comprising kanamycin. 

Directed Evolution of Thermostable KNT Mutant 

DNA shuffling is performed in the manner described by Stemmer et al (Stemmer, W.P.C. et al, 
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Nature, 370, 389-391 (1 994)). In practice, the DNA comprising the target gene is fragmented using DNasel 
and DNA fragments of 1 00- 300bp are recovered. A mixture of these DNA fragments is amplified by PCR 
without primers. Here, since there exist overlapping sequences between the various fragments, the 
pre-fragmentation full-length DNA is reconstructed. This full length DNA is then amplified by PCR using 
5' and 3' terminal primers. 

The coding region of the WT*gene is PCR amplified from the above obtained pJHKl. The 5 5 
primer used in PCR is 5'-GACTGTAC GGAATTC GAGCTCGAGCAAATCTAAAA-3 ? (the underlined 
portion is the EcoRI site, SEQ ID NO: 6) and the sequence of the 3' primer is as above (SEQ ID NO: 5). 
The shuffled fragments are cleaved with EcoRI and PstI, purified and introduced into pJHKl which was 
cleaved with the same restriction enzymes. Thereafter, X thermophilus HB27 (National Institute of 
Bioscience and Human-Technology, from Dr. Y. Koyama) is transformed with this pJHKl derivative 
(inserted with shuffled fragment). The transformant (library) is screened on a plate containing kanamycin 
(64°C, 36 hrs), positive colonies taken, and transferred to a kanamycin plate and cultured at 64°C, for 40 
hours. From the plate, cells are collected with sterilized water and a plasmid mixture — pKTl mix is 
prepared. The mutant gene amplified from the pKTl mix, is then shuffled, and subjected to a second 
screening as with the first time. That is, the library obtained by shuffling is cultured for 40 hours at 69°C, 
and once more the positive colonies are selected. This is denoted a pKT2 mix. pKT3 is prepared from the 
positive colonies obtained from the third screening. Culturing is conducted for 20 hours at 79°C. T. 
thermophilus HB27 is transformed with pKT3 mix, and after culturing for 40 hours at 81°C, then the 
largest colonies, for example about 20, are picked up, cultured, and plasmid (pKT3- 1-3-20) is prepared. 
The coding regions of each plasmid are amplified, subcloned to the Kpnl and PstI sites of pUC18 
(TAKARA), and allowed to express in E. coli. The E. coli culture lysate is heated at 70°C for 10 min, and 
the residual KNT activity of the 20 KT3 mutant strains are compared to one another, The ten strains having 
the highest residual activity are selected and their coding regions sequenced. 

Expression and Purification of KNT 

Expression plasmid pUT7 is constructed by linking PvuII-Scal fragment of pUCl 8 including ori, 
and the BglD-Scal fragment of pET21b (Novagen) including a T7 promoter. Plasmids suitable for 
expression of KNT include any plasmids that are capable of self-replication in a host cell and can be 
incorporated into a chromosome, and comprise a promoter situated such that the KNT gene can be 
transcribed, and are otherwise not especially limited. The mutant KNT gene amplified by PCR is 
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subcloned to the Ndel and Xhol sites of pUT7. The primers used here are, '5 primers: 
5 '-GACTGTAC GC ATATG AATGGACCAATAATAATGAC-3 ? (used for WT*, the underlined portion is 
the Ndel site, SEQ ID NO: 7) and 5 ? <j ACTGTAC GC ATATG AAAGGACC AATAATAATGAC-3 ' (for 
KT3-11 and HTK, the underlined portion is the Ndel site, SEQ ID NO: 8) and, 3' primer: 
5 '-GACTGTAC GCTCGAG CGTAACCAACATGATTAAC A-3 ? (the underlined portion is the Xhol site, 
SEQ ID NO: 9). Here, the initiation codon of KNT is altered from GTG to ATG. 

In the present invention, host cells for allowing expression of KNT gene include bacteria such as 
E. coli, yeast or animal cells, and insect cells, though the type of cell is not particularly limited. Where the 
host cell to be used is E. coli, E. coli BL21(DE3, pLysS) cells which comprise the obtained expression 
plasmid, are cultured overnight at 37°C in a medium containing 1 .0% polypeptone, 0.5% yeast extract, 
1.0% NaCl (pH 7.0), 100/zg/ml ampicillin, and ImM isopropyl-l-thio- j3 -D-galactoside. Cells are 
collected, resuspended in a 20mM Tris-HCl buffer (pH7.5) containing 50mM NaCl and 2mM 
mercaptoethanol, and disrupted by ultrasonification. The following procedures are performed at 4°C. After 
centrifuging, the supernatant of crude extract is loaded on a DEAE-Toyo Pearl column (Tosoh) equilibrated 
with the above-mentioned buffer and eluted with a 50-250mM NaCl linear gradient. Each fraction is 
checked by KNT assay and by SDS-PAGE. Fractions containing KNT are collected and subjected to 
dialysis overnight against a 5mM potassium phosphate buffer (pH 7.0) containing 2mM of 
2-mercaptoethanol. Dialysis fluid is then loaded on a hydroxy apatite column equilibrated with the dialysis 
buffer and eluted with a linear gradient of 5-100mM potassium phosphate. The fractions including KNT 
are collected and concentrated by ultrafiltration. Next, the enzyme is purified by eluting the concentrated 
solution through a Sephacryl S-200 column (Amersham Pharmacia Biotech) equilibrated with a 2QmM 
potassium phosphate buffer (pH 7.0) containing 0.1M KC1. Purification is continued until the purity 
exceeds 90% on SDS-PAGE. 

KNT Assay 

Staphylococcus aureus KNT catalyzes the transfer of AMP from ATP to the 4' -hydroxy group of 
kanamycin. Enzyme activity is measured at 25°C in a 50mM Na-MES buffer (pH 6.0) containing 5QmM 
MgCl 2? 0.1-2mM kanamycin and 0.4-5.4 mM [8- 14 C] ATP (0.4-4mCi/mmol). The reaction is stopped by 
adding a half amount of 6N HC1 and is spotted on a PEI-cellulose TLC plate. The plate is developed for 45 
min with a solvent consisting of 1 -propanol/FbO/acetic acid in a ratio of 60:39:1. The radioactivity of the 
formed kanamycin-[ I4 C]AMP is measured with Fujifilm Phosphorimager BAS-2000 (Fujifilm). In this 
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system the RF value of the product is 03. 
Heat Denaturation 

The heat denaturation curve, is recorded in a 5mm cuvette with a Jasco J-720WI 
spectropolarimeter (JASCO) having a PTC-348WI thermo-electrical temperature control system, over a 
temperature range of 30-90°C (for HTK, 30-95°C). The protein concentration is 0.8 ix M and the buffer is 
50mM potassium phosphate containing 0.1M KC1 with a pH of 7.0. The temperature of the sample is 
increased by 1 °C per minute while monitoring at 222nm. 

[Examples] 

Below, the present invention will be further explained by means of examples. However, this is 
not to limit the present invention to these examples. 

Example 1 : Directed Evolution 

The first screening was performed as described below. A mutation was introduced into the WT* 
gene by DNA shuffling, the steps of which were explained above. From the 3.2 x 10 6 transformants 
screened at 64°C, 431 positive colonies were singled out Finally, a plasmid mixture, pKTl mix, was 
prepared from the positive colonies. Hie mutant KNT gene amplified from the pKTl mix was subjected to 
further DNA shuffling in order to allow the mutant gene to recombine while accepting another point 
mutation. A second screening was performed at 69°C (library size; 4.8 x 10 6 , 109 colonies selected) and a 
third screening at 79°C (library size: 2.4 x 10 5 ; 209 colonies selected) T. thermophilic cells transformed 
with pKT3 mix formed colonies on a plate containing kanamycin at 81°C.However, since the host 77 
thermophilics cannot form colonies at a temperature higher than 8 1 °C, a fourth screening was impossible. 

Example 2: KT3 mutant strain 

Twenty KT3 mutant strains obtained from large colonies during the screening at 81°C, were 
investigated in more detail. KT3 mutant strains (KT3-1 to KT3-20) were expressed in E. coli, respectively, 
and the thermostability of each strain was predicted from residual catalytic activity after heating the solution 
at 70°C for 10 minutes. Based on this analysis, the 10 most stable strains of KT3 were selected and their 
DNA sequences were determined. (KT3-1 to KT3-19. See Table 1) 
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Each mutant strain had about 1 5 point mutations. Of these 4 to 5 were silent mutations. There is a 
possibility that the GC content of the KNT gene increases following high temperature screening, however, 
in the 39 silent mutations no specific trend toward G or C was observed. (No data). The Val75Ala 
substitution, which is a conserved substitution, was found in all ten strains of KT3 (Table 1). Other 
conserved substitutions were Glu61Gly found in 7 mutant strains, His66Tyr in 8 strains, Gln91Aig in 9 
strains, Serll2Pro in 7 strains and Serl99Pro in 7 strains. In all of the KT3 strains investigated, Glnl02 was 
substituted by basic amino acid (in 7 strains by Arg and in 3 strains by Lys). Interestingly, among the 29 
substitutions, 5 were substitution by proline. Many examples of proline substitutions increasing the 
thermostability of proteins are known. 

KT3-1 1 , which had the highest thermostability among the 1 0 strains of KT3, was expressed in E. 
coli and purified. The purified KT3-1 1 (SEQ ID NO:2) had post-treatment (70°C, 10 min) activity, but it 
was completely lost at 75°C (No data). However, plasmid pKT3-l 1 which comprises KT3-1 1 transforms 
TJhermophilus cells at 81°Q KT3-11 may have higher thermostability in cytoplasm, or it may be 
expressed rapidly to exhibit KNT activity. 

Example 3 : Creation of a Mutant with Higher Thermostability 

The directed evolution of example 2 was completed with three screenings and selections. If 
further screening were possible, a mutant with higher thermostability could have been obtained through 
recombination between the KT3 mutants. Therefore, to achieve further improvement of the thermostability 
of KT3-1 1 , the following strategy was used. Mutations conserved in two or more of other KT3 strains, and 
mutations modified to proline, were selected. Since KT3-3 was particular among the KT3 mutants (Table 
1), mutations found in KT3-3 but not in KT3-1 1 were also selected. These mutations were independently 
added to KT3-1 1 with an Amersham kit (Sculpter®). Each unitary mutant strain of KT3-1 1 was allowed to 
express in E. coli, and the thermostability of crude lysate of each mutant was compared to K3-1 1 . As the 
results in Table 2 show, Each of the following nine mutations improved the thermostability of KT3-11: 
Met57Leu, Ala62Val, Ser94Pro, Ser203Pro, Asp206Val, His207Gln, Ser220Pro, He234Val, and 
Thr238Ala 
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Table 2: Relative Residual Activity of KT3-1 1 Mutant Strains 



KT3-1 1 Mutant Strain 
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A62V+S94P 
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A62V+S94P+M57L+T238A 
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A62V+S94P+M57L+T238A+D206V+H207Q+S220P+I234A 
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A62V+S94P+M57L+T238A+D206V+H207QfS220P+I234A+S203P 
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(Values indicate the relative residual activity after heat treatment for 1 0 minutes at 70°C or 75°C, of a lysate 
of E. coli BL21 (pLysS) strain expressing these mutants) 



On the other hand, the three mutations unique to KT3-3; Asp25 Asn, Glul 1 7Gly and Ser 1 90Leu 
operate to destabilize the protein at least in connection with the sequence of KT3-11 (Table 2). "Highly 
thermostable kanamycin niicleotidyltransferase", HTK, SEQ ID NO: 3 was made by incorporating all nine 
positive mutations into KT3-11 with an Amersham kit (Sculpter®)(Table 1). HTK has 19 amino acid 
substitutions when compared to WT*. In the preparation of HTK, it was observed that the effect of these 
mutations on thermostability was essentially additional (See Table 2). The Kcat and Km values of HTK 
against ATP (in the presence of 2mM kanamycin) were approximately twice that of WT*, however there 
was almost no change in the properties of HTK as a catalyst due to the mutations. (Table 3) 
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Table 3 Dynamic parameters of KNT mutant 



Enzyme 


AIP=5.4mM 


Kan=2.0mM 


Kn%kan(mM) 


Kcat(min-l) 


KmATP(mM) 


Kcat(min-1) 


WT* 


0.46±0.31 


13±2.6 


2.7±0.52 


12±1.1 


HTK 


0.59*0.21 


l&t2.3 


5.9±2.6 


24±6.7 



Enzyme activity was measured at 25°C, pH 6.0. Dynamic parameters for one substrate is determined while 
keeping concentration of the other substrate constant, 
kan: kanamycin 

Example 4: The thermostability of three types of KNT 

To evaluate the thermostability of WT*, KT3-1 1 , and HTK, the denaturation of each protein was 
tracked using CD spectroscopy (Fig. 2A). The apparent Tm values of WT*, KT3-1 1 and HTK were 61 , 73 
and 84°Q respectively. The denaturation of KNT is irreversible, and KT3-11 and HTK aggregate after 
denaturation, thus the denaturation curve of Fig. 2A cannot be used in the calculation of value of A A G. 
To confirm the relative stability of the three types of KNT, after heat treatment for 1 0 minutes at 60, 72, and 
80°C, the residual activity of each KNT was measured (Figure 2B). At 60°C, the activity of WT* fell to 5%, 
but there was no change for KT3-1 1 and HTK. At 72°C, WT* was completely inactivated, the activity of 
K3-11 fell to 5% and HTK was still active. HTK, even after ten minutes of heat treatment at 80°C, still 
maintained 15% activity. This result matched well the Tm value obtained from the denaturation curve. It 
can be said that the thermostability of HTK represents an increase of at least 20°C when compared that of 
WT*. WT* possesses two mutations, as described above, and has increased thermostability of about 10°C 
compared to that of the wild type KNT. Therefore, the thermostability of HTK was a total of 30°C higher 
via the introduction of 21 substitutions than the wild type enzyme of Staphylococcus aureus. To the extent 
of the inventor's knowledge, among projects to improve the thermostability of a protein, this invention can 
be said to be one of the most successful examples. The thermostabilities of glucose-dehydrogenase and 
iso-1 -cytochrome have been improved by 20°C and 17°C respectively (Makino, Y, J. Biol. Chem. 264, 
6381-6385 (1989); Nagao, T, FEBS Lett. 253, 113-116 (1989); Das, G., Proa Natl. Acad. Sci. USA 86, 
496-499 (1989)), however each case was as a result of a single amino acid substitution. These two 
examples are extremely interesting, but our KNT approach is more common. The natural evolution of a 
protein is thought to proceed through the accumulation of many mutations, and, each mutation makes a 
small contribution to the overall effect. The concept that the accumulation of small effects is important is 
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supported by the fact that many studies using introduction of a small number of rationally-designed 
substitutions, end with very limited success. What should be made clear is that the two independent studies 
to isolate heat resistant KNT mutant strains through a single random mutation and screening, merely found 
only the same two stable mutants. 

Example 5: The distribution of modified residues in the structure of KNT 

With the exception of Vail 75 and Ile234 found in the hydrophobic core, all of the other 
mutations in HTK are found on the surface of the molecule (Figure 3). At the subunit boundary, there are 
no mutations. The Gln91Arg substitution probably stabilizes the helical dipole. There are reports of the 
thermostability of protein being increased with substitutions by proline. In HTK, there are 5 proline 

fid 

substitutions. Ser94 and Serl 12 are found on the 2 site of the /3 -turn, Serl99 and Ser203 on the loop of 
the surface, and Ser220 on the N-terminal cap structure of the a -helix. Surprisingly, despite the feet that 
the hydroxyl group of the Ser94 side chain is within hydrogen bonding distance of the 1 -amide group of 
kanamycin, the catalytic efficiency of HTK is almost unchanged with the Ser94Pro mutation. 

Example 6 - Construction of convenient vectors for T. thermophilus 

A plasmid incorporating the replication origin of T.thermophilus, and the HTK gene, pJHK3 
(Restriction map is shown in Fig. 4) is a convenient vector for performing molecular biological experiment 
with T. thermophilus. When pJHK3 is used, it is possible to perform the standard procedures from 
transformation and singling out colonies to liquid culture, in 2 days. However, with the same protocol using 
the convention WT*gene, 4 days are required. With the new selective marker of the present invention, 
research on T. thermophilic, Thermus aquaticus, Bacillus stearothermophilus and other such thermophilic 
bacteria can be greatly accelerated. 

[Effect of the Invention] 

As described in detail above, the present invention provides a novel kanamycin 
nucleotidyltransferase with markedly improved thermostability, a selective marker employing the same, 
and method for screening thermophilic bacteria such as Thermus thermophilus using said selective marker 

With the new selective marker of the present invention, research on T. thermophilus, Thermus 
aquaticus, Bacillus stearothermophilus and other such thermophilic bacteria can be greatly accelerated. 
[Sequence Listing] 
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